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METHOD OF GENERATING A LAYOU'T FOR
A DIFFERENTIAL CIRCUIT

RELATED APPLICATIONS

This application 1s a divisional of U.S. patent application
Ser. No. 10/836,160, entitled “Inductor Layout Using Step
Symmetry For Inductors” filed Apr. 29, 2004 which claims
priority of U.S. Provisional Patent Application 60/550,000,
entitled “System And Method For Communication™ filed
Mar. 3, 2004.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to an inductor layout and in
particular to an inductor layout using step symmetry for the
inductors and mirror symmetry for the rest of the circuait.

2. Description of the Related Art

Inductors can be used 1 many types of circuits. For
example, 1 radio frequency (RF) circuits, inductors can be
used 1n voltage-controlled oscillators (VCOs), low-noise
amplifiers, and passive-element filters. In general, an inductor
1s a passive electrical device that stores energy 1n a magnetic

field.

An 1nductor 1s physically formed using one or more turns
of wire and has two terminals. FIG. 1 illustrates a layout of an
exemplary spiral inductor 100 including an outer terminal
101 and an inner terminal 102. Inductor 100 1s formed 1n a
square pattern, which can provide more inductance for a
given surface area and can be easily fabricated using standard
integrated circuit techniques. In one technique, inductor 100
can be built on a substrate (e.g. silicon) using at least two
metal layers. Specifically, a first metal layer can be used to
torm spiral coil 103 whereas a second metal layer can be used
to form an underpass contact 104. Underpass contact 104 can
be connected to mnner terminal 102 using a via (not shown).

RF circuits are increasingly using differential techniques to
achieve enhanced linearity, dynamic range, and output power.
In a differential circuit, signals with equal magnitude and
opposite phase are transmitted and processed using two sets
of components. Of importance, both sets of components are
ideally symmetrical with respect to each other. This symme-
try can be used to reject common-mode coupling, which can
otherwise result in interference and undesirably affect signal
processing.

Mirror symmetry for a layout of a differential circuit 1s
commonly used because of its effectiveness 1 providing
identical parasitic wiring capacitances on both sides of the
differential circuit, thereby simplifying computations taking
into account these capacitances. For example, FIG. 2 1llus-
trates a schematic of an exemplary bandpass filter 200 includ-
ing devices, e.g. inductors 201 and capacitors 202 and 203,

that can be formed using mirror symmetry (e.g. using imnduc-
tor layouts 201" and 201").

However, 1n a differential circuit that includes inductors,
current flows 1n opposite directions (indicated by arrows 206
and 207). Using the well known “right hand rule”, the mag-
netic field generated by the inductor using layout 201" would
be going 1nto the plane including the inductor, which 1s shown
by symbol 208. Unfortunately, the magnetic field using lay-
out 201" would also be going into the plane including the
inductor, which 1s shown by symbol 209 (1.e. the magnetic
fields would be positioned 1n the same direction). A sensitive
circuit positioned near this inductor pair may be adversely
aifected by this combined magnetic field.
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In contrast, 1f step symmetry 1s used (for example, 11 both
inductors of a ditferential circuit are instantiated using layout
201"), the net far field transmitted 1s zero, since the magnetic
field generated by one inductor effectively cancels the mag-
netic field generated by the other. Sensitive circuits may thus
be placed 1n proximity to inductor pairs 1n step symmetry with
no substantial degradation.

Similarly, a magnetic field couples as a common-mode
signal when inductor step symmetry 1s used. For example,
FIG. 3 1llustrates a schematic of bandpass filter 200 that can
be formed using step symmetry (e.g. using inductor layout
201"). A magnetic field would therefore create a common-
mode current 1n this inductor pair and can thus advanta-
geously substantially cancel the effect of the coupled field.

In contrast, a magnetic field would couple as a differential
signal 1f inductors 1n a differential circuit are instantiated
using mirror symmetry (e.g. using mductor layouts 201" and
201"). Deleterious interference from a nearby circuit produc-
ing a magnetic field may result in this inductor configuration.

Unfortunately, using step symmetry makes balancing of
parasitic wiring capacitances between the two sides of the
differential circuit difficult. Therefore, a need arises for a
technique and layout that provide the benefits of both mirror
and step symmetries.

SUMMARY OF THE INVENTION

A differential circuit layout can advantageously use step
symmetry for inductors and mirror symmetry for the rest of
the circuit. Interconnect segments can be used to connect the
terminals of the inductors to other components 1n the circuait.
These interconnect segments facilitate the transition from the
step symmetry of the inductors to the mirror symmetry of the
other components.

To provide this transition, the terminals of an inductor and
its associated interconnect segments are formed on a middle
axis of the inductor. In one embodiment, the interconnect
segment connected to the iner terminal of the inductor and
the interconnect segment connected to the outer terminal are
formed on opposite sides of the inductor. In another embodi-
ment, these interconnect segments are formed on one side of
the inductor.

A method of generating a layout for a differential circuit 1s
also provided. This method includes positioning a pair of
inductors using step symmetry and positioning a plurality of
components using mirror symmetry. For each inductor, a first
interconnect segment, which connects an mner terminal of
the inductor to a first set ol the plurality of components, can be
provided. A second interconnect segment, which connecting
an outer terminal of the inductor to a second set of the plu-
rality of components, can also be provided. Notably, the inner
terminal, outer terminal, first interconnect segment, and sec-
ond mterconnect segment can be placed on a middle axis of
the inductor, thereby providing a transition between the step
and mirror symmetries. In one embodiment, the steps 1n this
method can be implemented using a computer runmng a
soltware program.

Using a mixed symmetry 1n a differential circuit where
inductors are formed using step symmetry and other compo-
nents 1n the circuit are formed using mirror symmetry pro-
vides advantages associated with each type of symmetry. For
example, the common-mode magnetic fields associated with
an inductor pair can advantageously cancel each other. More-
over, the net magnetic field transmitted by a differential cir-
cuit that uses step symmetry for 1ts inductors 1s much smaller
than a differential circuit that uses mirror symmetry. There-
fore, parasitic inductor coupling can be advantageously
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reduced with inductor step symmetry. Using mirror symme-
try for the other components in the circuit can ensure 1dentical
parasitic wiring capacitances on both sides of a differential
circuit, thereby improving the circuit’s performance.

BRIEF DESCRIPTION OF THE FIGURES

FI1G. 1 illustrates a layout of an exemplary spiral inductor.

FIG. 2 illustrates a schematic of an exemplary bandpass
filter including devices that can be formed using mirror sym-
metry.

FIG. 3 illustrates a schematic of the exemplary bandpass
filter of FIG. 2 including devices that can be formed using step
symmetry.

FIG. 4 1llustrates a layout of a simplified differential circuit
including inductors formed using step symmetry and other
components formed using mirror symmetry. In this embodi-
ment, the inner and outer terminals of each inductor are
positioned 1n the middle of the inductor and the interconnect
segments connected to the mner and outer terminals of the
inductor are provided on opposite sides of the inductor.

FIG. S 1llustrates a layout of another simplified differential
circuit including inductors formed using step symmetry and
other components formed using mirror symmetry. In this
embodiment, the inner and outer terminals of each inductor
are positioned 1n the middle of the inductor and the 1ntercon-
nect segments connected to the inner and outer terminals of
the inductor are provided on one side of the inductor.

FIG. 6 illustrates a flow chart of a method of generating a
layout for a circuit wherein the inductors are positioned using
step symmetry and other components 1n the circuit are posi-
tioned using mirror symmetry.

DETAILED DESCRIPTION OF THE FIGURES

In accordance with one feature of the invention, the induc-
tor pairs of a differential circuit can be formed using step
symmetry and the remainder of the components 1n the circuit
can be formed using mirror symmetry. Interconnect segments
can be used to connect the inductors to other components 1n
the circuit. These interconnect segments facilitate the transi-
tion from the step symmetry of the inductors to the mirror
symmetry of the rest of the circuait.

FI1G. 4 1llustrates a simplified layout of a differential circuit
400 including inductors 401, which are formed using step
symmetry. Of importance, an inner terminal 412 and an outer
terminal 413 of each inductor 401 as well as their associated
interconnect segments 411 and 414, respectively, are formed
on a middle axis of the inductors, as indicated by amiddle axis
410. In other embodiments incorporating different inductor
layouts, inner terminal 412 and outer terminal 413 may sim-
ply be referred to as first terminal 412 and second terminal
413. Interconnect segments 411 and 414 allow a layout to
smoothly transition between the step symmetry of inductors

401 to the mirror symmetry of the rest of the differential
circuit.

In this configuration, because inner terminals 412 and outer
terminals 413 as well as interconnect segments 411 and 414
are formed along middle axis 410, the other components 1n
circuit 400 can be advantageously formed using mirror sym-
metry. Such other components can include, for example, tran-
sistors, resistors, capacitors, general interconnect, and volt-
age sources. In circuit 400, interconnect segments 411 can
connect mmner terminals 412 of inductors 401 to a voltage
source 404 (e.g. VDD) via a general interconnect 405
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4

whereas interconnect segments 414 can connect outer termi-
nals 413 of inductors 401 to transistors 403 via general inter-
connect 405.

Notably, transistors 403 would have mirror symmetry with
respect to each other (shown by a different f1ll pattern) based
on an axis of symmetry 402. Another voltage source 406, ¢.g.
VSS, may be coupled to transistors 403 or other components
in circuit 400 also 1n a mirror coupling (not shown for clarity).

The above-described mixed symmetry can be applied to
many different layouts as long as the inductor terminals and
theirr associated interconnect segments are formed on a
middle axis of the inductor. For example, mixed symmetry
can also be used when the 1nner and outer terminals are
coupled to components on the same side of the inductor as
shown 1n FIG. 5. For example, FIG. 5 illustrates a simplified
layout of a differential circuit 500 including inductors 501,
which are formed using step symmetry.

Inner terminal 512 and outer terminals 313 as well as their
associated interconnect segments 511 and 3514, respectively,
are advantageously formed on a middle axis 510 of inductors
501, thereby facilitating the mirror symmetry used by the rest
of circuit 500. In other embodiments incorporating different
inductor layouts, inner terminal 312 and outer terminal 513
may simply be referred to as first terminal 512 and second
terminal 513. In this layout, using interconnect segments 511,
inner terminals 512 of inductors 501 can be connected to a
voltage source 506, e¢.g. VSS, via general interconnect 505,
Using interconnect segments 514, outer terminals 513 can be
connected to capacitors 503.

Note that interconnect segments 311, which should be
connected to mner terminals 512, are slightly offset in FIG. 5
merely to distinguish from interconnect segments 514, which
connect to outer terminals 513. Specifically, without this ofl-
set, mterconnect segments 511 and 514 would appear to be
overlapping. That1s, interconnect segments 511 are formed 1n
a different metal layer than interconnect segments 314. Thus,
because FIG. 5 superimposes the layouts from both metal
layers, mterconnect segments 511/514 would, without the
olfset, have portions 515 that overlap.

Notably, because inner terminals 512 and outer terminals
513 as well as their associated interconnect segments 511 and
514, respectively, are formed along a middle axis 510 (1.e. 1n
the middle of inductors 501), other components 1n circuit 500,
including capacitors 503, general interconnect 503, and volt-
age source 306 can be formed using mirror symmetry based
on an axis of symmetry 502.

FIG. 6 illustrates a flow chart of a mixed symmetry method
600 to generate a layout for a differential circuit. In step 601,
pairs of inductors can be positioned using step symmetry. In
step 602, other components 1n the circuit can be positioned
using mirror symmetry. In step 603, interconnect segments
can be provided between the inductors and other components
in the circuit. As described above, these interconnect seg-
ments facilitate the transition from the step symmetry of the
inductors to the mirror symmetry of the other components. In
one embodiment, the steps of method 600 can be 1imple-
mented using instructions from a computer-implemented
program. Advantageously, the mixed symmetry technique
can provide the benefits associated with both step and mirror
symmetries.

Specifically, step symmetry can advantageously cancel the
common-mode magnetic field created by the inductor pair.
Additionally, the net magnetic field transmitted by a difier-
ential circuit that uses step symmetry for 1ts inductor pairs 1s
much smaller than a differential circuit that uses mirror sym-
metry for its inductor pairs. Therefore, parasitic imductor
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coupling 1 a differential circuit can be advantageously
reduced using step symmetry for inductor pairs.

For example, 1n a divider with inductors instantiated in
mirror symmetry an I/QQ imbalance may result 1n a wireless
LAN (WLAN) device. This I/Q imbalance can significantly
decrease the sideband suppression (e.g. from 40 dB to 30 dB),
thereby adversely affecting performance of the WLAN
device.

Furthermore, using mirror symmetry for the other compo-
nents 1n the differential circuit can advantageously balance
parasitic wiring capacitances between the two sides of the
circuit. Notably, as the operating frequency of a differential
circuit increases, the balancing of the parasitic wiring capaci-
tances may become critical.

Although illustrative embodiments have been described 1n
detail herein with reference to the accompanying figures, 1t 1s
to be understood that the invention i1s not limited to those
precise embodiments. They are not intended to be exhaustive
or to limit the mvention to the precise forms disclosed. As
such, many modifications and variations will be apparent to
practitioners skilled in this art.

For example, the mixed symmetry technique can be
applied to any type of inductor. Note that the actual induc-
tance generated by that inductor 1s dependent on the physical
properties of the inductor, e.g. the number of turns and the
total length of the coil. Theretore, the location of the inductor
terminals, 1.e. on the middle axis, can affect the inductance
generated by that inductor. Known computer-implemented
tools can work with such inductor parameters to generate an
appropriate inductor having specific physical properties. One
such computer-implemented tool 1s the CAD ASITIC tool,
which was developed by Al1 Niknejad.

Moreover, although circuits 400 and 500 could be 1imple-
mented 1n a differential amplifier, the mixed symmetry tech-
nique can be used in other types of devices including, but not
limited to, dividers, or any differential stage that requires
inductive loading.
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Accordingly, 1t 1s intended that the scope of the mvention
be defined by the following Claims and their equivalents.

The invention claimed 1s:

1. A method of generating a layout for a differential circuit,
the method comprising;:

positioning a pair ol inductors using step symmetry, one

inductor being on an opposite side of an axis of symme-
try from another inductor, each inductor having a first
terminal and a second terminal;

positioning a plurality of components using mirror sym-

metry with respect to the axis of symmetry, the plurality
of components being 1n operative relation to the pair of
inductors;
providing a first interconnect segment connecting the first
terminal to a first set of the plurality of components; and

providing a second interconnect segment connecting the
second terminal to a second set of the plurality of com-
ponents,

wherein the first terminal, second terminal, first intercon-

nect segment, and second mterconnect segment of a first
inductor of the pair of inductors i1s placed on a first
middle axis of the first inductor,
wherein the first terminal, second terminal, first intercon-
nect segment, and second interconnect segment of a
second inductor of the pair of inductors 1s placed on a
second middle axis of the second inductor, and

wherein the axis of symmetry, the first middle axis, and the
second middle axis are parallel to each other.

2. The method of claim 1, wherein {for each inductor, the
first and second interconnect segments are placed on opposite
sides of the each inductor.

3. The method of claim 1, wherein the first and second
interconnect segments are placed on one side of the inductor.

4. The method of claim 1, wherein the first interconnect
segment 1s to be formed from a first metal layer and the second
interconnect segment 1s to be formed from a second metal
layer.
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